We analize a model of non relativistic matter in 2 + 1 dimensional noncommutative space. The matter fields interact with gauge fields whose dynamics is dictated by a Chern Simons term. We show that it is possible to choose the coupling constants in such a way that the model has and extended supersyemmetry and Bogomolnyi equations can be found.
In the past few years, field theories defined in noncommutative (NC) space have received much attention mainly in connection with the effective low energy description of string theories [1] . For the particular case of 2 + 1 dimensional space, it has also been argued that Chern Simons theories in NC space can be used as an effective description of the physics of the Quantum Hall Effect [2] , [3] .
Motivated by these facts, the extension to NC space of the Jackiw and Pi model (JP) [4] of non relativistic matter interacting with gauge fields whose dynamics is governed by Chern Simons fields was first considered in [5] .
In ordinary space, this model, which is related to the physics of the AharonovBohm problem, provides a nontrivial example of a gauge theory invariant under the action of the Galilean group [6] . Indeed, the space-time invariance group is larger as the theory is also invariant under dilations and conformal transformations, at least at the classical level. As it is the case for many gauge theories, the scale invariance of the action is broken by quantum corrections. Interestingly, the invariance is recovered for a particular relation of coupling constants [7] .
In NC space, the model looses some of the symmetries present in ordinary space. This is somewhat expected as non-commutativity breaks explicitly the scale symmetry and the boost sector of the Galilean group (for a detailed discussion see [8] ). Despite this fact, both versions of the model share some important aspects, like the existence of BPS equations for a particular relation of coupling constant [4] , [5] , [9] .
In ordinary space, the JP model admits and N = 2 supersymmetric extension [10] , providing another example of the by know well established connection between BPS equations and supersymmetry [11] - [14] . This case is particularly interesting as it provides a non trivial explicit realization of the graded Galilean symmetry originally discussed in [15] .
In this paper we shall examine possibility of building a supersymmetric extension of the JP model in noncommuative space. We shall show that indeed it is possible to do so precisely for the same relation of coupling constants for which BPS equation exist.
We will be interested in d = 2 + 1 noncommutative space characterized by the relations
where θ is a real constant with dimension of length squared. It will be convenient to introduce complex variables z andz
which can be related to annihilation and creation operatorsâ andâ † acting on a Fock space,â
In this way, through the action of a † on the vacuum state |0 , eigenstates of the number operatorN = a † a
are generated. With our conventions, derivatives in the Fock space are given by
and integration on the noncommutative plane should be interpreted as a trace
We are interested in the model of nonrelativistic matter interacting with gauge fields whose dynamics is governed by the Chern-Simons term that has been considered in [5] . The action associated to this model can be written as
Here, S cs is the Chern Simon action 1
where
and φ denotes a complex bosonic field. The interaction with the gauge fields is introduced via the covariant derivatives
The model is invariant under gauge transformations,
The model described by the action (8) is the realization in NC space of the one originally discussed in [4] . Notice that in the NC case one needs to choose a particular ordering in the covariant derivative. For definiteness, we will be working with the "fundamental" representation (11)- (12) but the other cases can be handled similarly. In order to explore the possibility of building a supersymmetric extension of the model, we enlarge the field content of the theory and include a nonrelativistic fermion ψ. The action of the model then becomes,
This action is the simplest generalization to noncommutative space of the one studied in Ref. [10] . Notice that terms of the potential proportional to λ 2 and λ 3 would be equivalent to each other in ordinary space and that the term proportional to λ 4 would be identically zero due to the anticommuting character of the fermion fields. We have chosen a particular sign for the Pauli interaction (corresponding to a "down" spinor) which coincides with the one in [10] . In a nonrelativistic setting the action of bosons and fermions are almost identical if it were not for the presence of the Pauli term for fermions. As shown below, the supersymmetry variation of this last term is easily compensated by the Chern Simons term.
We will calculate the variation of the action under the following supersymmetry transformation.
1 Throughout this paper we will be using the notation V ± = V 1 ± iV 2 where V 1 and V 2 are the components of any vector V in the plane.
It is trivial to show that,
Then the variation of the action reduces to
So the transformations in eq. (14) correspond to a symmetry of the action if the following relations are satisfied,
While the first condition coincides with the one arising in ordinary space, the second one is peculiar to noncommutative space. It originates from the second term in Eq (14) which is automatically zero in ordinary space due to the Grassman character of ψ and ψ † . The fact that is less evident is the existence of a second supersymmetry. Let us examine the variation of the action under the following transformation
Again it is easy to show the invariance of the kinetic terms,
After some algebra, one can see that the variation of the remaining part of the action can be written as
where δ
2 S is linear in fermion fields and δ
2 S is cubic:
From eq.(21), we obtain
while from eq.(22) we get,
The solution for this system is
which also satisfies the system of eqs.(17). The results in ordinary space, namely
can be recovered by noticing that the potential in ordinary space becomes,
so that λ 2c = λ 2 − λ 3 can be identified. After this identification, the ordinary space results follow. The relation of coupling constants which make the model N = 2 supersymmetric is connected to the BPS point. This can be most easily seen by writing the Hamiltonian of the model as,
and
Using the identity,
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